We have investigated the entry and subsequent intracellular fate of TlOl monoclonal antibody (MoAb) and T101-ricin A-chain (RTA) immunotoxin (IT) directed against the CD5 antigen (As) expressed on human leukemic CEM cells. We provide direct evidence for the internalization of TlOl MoAb and the corresponding IT. Both the MoA,b and the IT were internalized at a relatively low rate. This slow internalization process could be related to the partial recycling of the MoAb/Ag or IT/Ag complexes. Analysis of the internalized molecules showed that their molecular weight was only partially altered after internalization and that ho free A-chain could be found inside the cells, indicating that lysosomal degradation and cleavage of disulfide-linked conjugates is a MMUNOTOXINS (ITS), hybrid molecules designed for I tumor therapy, combine a great cytotoxic potential with a high degree of specificity. In the case of T101-ricin A-chain (RTA) IT, the toxicity is brought by the A-polypeptide of the plant toxin RTA, which is chemically conjugated to the monoclonal antibody T101, specific for the human T-cell differentiation antigen (AS) CD5.' This IT showed a great specificity in vitro: but had a limited antitumor efficacy both in vitro and in vivo: probably because of its low rate of cell intoxication: However, lysosomotropic amines (eg, ammonium chloride, NH,Cl) or carboqlic ionophores (eg, monensin) are able to greatly enhance the kinetics of cell inactivation by anti-CDS The reason for the low rate of intoxication indbced by the IT, as well as for the potentiating effect of NI&Cl and monensin, has not been fully elucidated yet. Slow inactivation of cellular protein synthesis does not appear to be related to IT binding to the cell surface, or to the ultimate cell killing step, ie, ribosome inactivation,6 but rather to endocytotic or postendocytotic events. In fact, it has been postulated that the low efficacy of the antLCD5 IT could result from its intracellular degradation within the lysos o m e~~ and that potentiating agents prevent degradation by inhibiting lysosomal proteases or by modifying the intracellular pathway of the conj~gate.~,~~* Here we examine this hypothesis by investigating (1) the internalization step of T101-RTA IT in the human leukemic T-cells CEM; (2) the intracellular degradation of the IT, as well as the stability of the disulfide bond between the A-chain and the antibody; and (3) the subcellular localization of the IT. To gain insight into the mechanism of intracellular IT activation by potentiating agents, the present study was performed using the TlOl monoclonal antibody (MoAb) and the corresponding IT in parallel, in the absence or presence of NH,Cl and monensin.
I tumor therapy, combine a great cytotoxic potential with a high degree of specificity. In the case of T101-ricin A-chain (RTA) IT, the toxicity is brought by the A-polypeptide of the plant toxin RTA, which is chemically conjugated to the monoclonal antibody T101, specific for the human T-cell differentiation antigen (AS) CD5.' This IT showed a great specificity in vitro: but had a limited antitumor efficacy both in vitro and in vivo: probably because of its low rate of cell intoxication: However, lysosomotropic amines (eg, ammonium chloride, NH,Cl) or carboqlic ionophores (eg, monensin) are able to greatly enhance the kinetics of cell inactivation by anti-CDS
The reason for the low rate of intoxication indbced by the IT, as well as for the potentiating effect of NI&Cl and monensin, has not been fully elucidated yet. Slow inactivation of cellular protein synthesis does not appear to be related to IT binding to the cell surface, or to the ultimate cell killing step, ie, ribosome inactivation,6 but rather to endocytotic or postendocytotic events. In fact, it has been postulated that the low efficacy of the antLCD5 IT could result from its intracellular degradation within the lysos o m e~~ and that potentiating agents prevent degradation by inhibiting lysosomal proteases or by modifying the intracellular pathway of the conj~gate.~,~~* Here we examine this hypothesis by investigating (1) the internalization step of T101-RTA IT in the human leukemic T-cells CEM; (2) the intracellular degradation of the IT, as well as the stability of the disulfide bond between the A-chain and the antibody; and (3) the subcellular localization of the IT. To gain insight into the mechanism of intracellular IT activation by potentiating agents, the present study was performed using the TlOl monoclonal antibody (MoAb) and the corresponding IT in parallel, in the absence or presence of NH,Cl and monensin.
MATERIALS AND METHODS
Reagents and chemicals. Ammonium chloride and sodium deoxycholate were purchased from Merck (Paris, France). Monensin and HEPES were obtained from Calbiochem Behring (San Diego, CA). Nonidet-P40, Triton X-100, iodoacetamide, phenjrlmethylsulfonyl fluoride (PMSF), imidazole, and the cross-linker N-succimimidyl-3-(2-pyridylolithio)-propiomate (SPDP) were obtained from Sigma Chemical (St Louis, MO). Sucrose and EDTA were supquantitatively minor phenomenon compared with the localization of interhalized anti-CD5 ITS in an endosome-Golgi compartment, followed by their recycling to the cell surface. We believe that this is the major factor explaining the low efficacy of antLCD5 IT when assayed in the absence of potentiating substances. Finally, we showed that the presence of ammonium chloride and monensin, which both dramatically enhance the kinetics of IT activity, did not affect the rate of internalization or the intracellular localization of the conjugate, suggesting that these activators could act at the postendocytotic level on a limited number of IT molecules. o 1992 by The American Society of Hematology.
plied by Prolabo (Rhone-Poulenc, France). ['ZSI]Na was purchased from Amersham International (Amersham, Bucks, UK). RTA was purified from ricin (extracted from seeds of Ricinus communis sanguineus) as previously described.'O RTA wis obtained as a ricin B-chain-free preparation as determined by in vitro toxicity assays on intact cells?
Mouse TlOl MoAb, purchased from Hybritech (San Diego, CA) is an IgGkk recognizing the CD5 Ag expressed on all human peripheral blood T cells, most of T-cellderived hematological malignancies, and chronic B lymphocytic leukemias." The affinity constant of TlOl MoAb is 2 x 10" L/mol-'.'* TI01 MoAb was purified from ascitic fluid by affinity chromatography on Staphylococcus aureus protein A-Sepharose according to the method of Ey et
The conjugate used in this study was synthesized by linking purified RTA to whole TlOl MoAb with SPDP, according to a previously described IT was purified from unconjugated RTA by gel filtration chromatography on a Sephadex G-100 column (K 16/80, Pharmacia, Uppsala, Sweden), equilibrated in phosphate-buffered saline (PBS), pH 7.4, buffer, and run at 0.33 mllmin. A further purification from unconjugated MoAb was achieved by affinity chromatography on concanavalin A-Sepharose as previously described." The IT preparation contained no free MoAb as determined by densitometric analysis of the IT electrophoretic pattern. The resulting conjugate contained an average of 2 mol RTA per mol MoAb based on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and scanning densitometly.
The MoAb and the IT were labeled with '=I in the presence of chloramine TI5 to a final specific activity of 2.1 kCi/p,g protein and 9.5 kCi/ kg protein, respectively. Analysis of radioiodinated IT showed that 100% of the radioactivity was retained on an anti-RTA antibody Sepharose column, whereas only 25% was retained Monoclonal antibody.
Immunotauins.
after treatment with 2-mercaptoethanol (2-ME) that cleaves the disulfide bond between RTA and MoAb introduced by the SPDP cross-linker. Assuming an average of two RTA per antibody molecule (see above), this indicated that the label was distributed evenly between the RTA and the antibody moiety (2 to 3 GBq/g).
The human leukemic T-cell line CEM was obtained from Dr S Carrel (Ludwig Institute, Lausanne, Switzerland). This cell line, frequently recloned to ensure a homogeneous cell population, expresses an average of 30,000 determinants of CD5 Ag per cell, as quantified by indirect immunofluorescence assays.I6 Cells were cultured at 37°C in a 5% CO, atmosphere in RPMI 1640 medium (Flow Laboratories, McLean, VA) supplemented with 10% heatinactivated fetal bovine serum (FBS) and antibiotics (0.1 mg/mL streptomycin and 100 IU/mL penicillin).
Cells (lO'/mL) were incubated with saturating concentrations of 'Z51-labeled MoAb (6.9 X 10'cpm) or IT (4.4 x 108 cpm) at 4°C in RPMI medium containing 10% FBS, antibiotics, and 30 mmol/L HEPES (pH 7.4). Nonspecific binding was determined in parallel by including 40 p.g/mL unlabeled T101, which inhibits ['251]-MoAb and ['"I]-IT binding by greater than 95%. After 60 minutes at 4"C, unbound ligand was removed by washing the cells with cold medium. The cells (5 x 106/0.5 mL) were then dispensed into 5-ml tubes presaturated with FBS. Total cell-associated radioactivity was approximately 1(Y cpm per sample (MoAb) and 1.4 x lo6 cpm per sample (IT) as estimated by gamma-counter. Washed cells were then heated to 37°C. After the indicated times, cells were centrifuged at 4°C. The radioactivity in the supernatant was measured and ligand degradation was estimated by determination of trichloroacetic acid (TCA)-soluble radioactivity. Cell surface radioactivity was released according to the modified method of Mellman et all7 by adding 0.5 mL of cold RPMI solution containing 25 mmol/L HEPES, pH 3, to the cell pellet and incubating it for 5 minutes at 4°C. Greater than 95% of the MoAb and 85% of T101-RTA IT bound to the plasma membrane at 4°C was eluted by this treatment.
After low pH jump, cell viability remained greater than 95% as judged by trypan blue exclusion, and cellular protein synthesis was not modified as evaluated in a I4C-leucine incorporation assay as described! Cells were then washed and cell-associated (internalized) radioactivity was determined by measuring the radioactivity remaining in the pellet after centrifugation. Results are expressed as percent total cell-associated radioactivity at time 0 minutes. All time points are the average of triplicates (four experiments) with less than 2.5% variation.
Internalization of the unlabeled MoAb was also investigated by an indirect immunofluorescence assay. Cells were exposed to the ligand under the same conditions as those used with the '251-labeled MoAb (ie, a first binding step at 4°C followed by washings and incubation of the cells at 37°C). After the indicated times, the cells were centrifuged at 4"C, washed with cold medium, and incubated for 45 minutes at 4°C with a fluorescein isothiocyanate (FITC)-labeled anti-mouse IgG able to detect cell surface-bound MoAb. Cells were then washed and analyzed for cell surface-associated fluorescence intensity by flow cytofluorometry using a FACS IV (Becton-Dickinson, Sunnyvale, CA). Data are expressed as percent mean fluorescence intensity of cells at time 0 minutes. Molecular weight evaluation of intemalized molecules. After a 4-hour incubation with radioiodinated MoAb or IT at 37T, cell surface radioactivity was eluted from the cells by a low-pH wash, and the cells (5 x lo7) were solubilized for 30 minutes at 4°C in 3.5 mL of a mixture of 0.5% Nonidet-P40,1% Triton X-100, and 0.5% sodium deoxycholate containing protease inhibitors iodoacetamide (3.7 mg/mL) and PMSF (2 mmol/L). After centrifugation (1,000g Cells.
Zntemalization of TlOl MoAb and TlOl-IT.
for 10 minutes at 4 T ) , the lysate (supernatant) was collected and analyzed by one-dimensional SDS-PAGE on 2% to 16% gradient gels according to the method of Laemmli." Gels were autoradiographed at -70°C on Kodak XAR-5 film (Eastman Kodak, Rochester, NY) using intensifying screens. Autoradiographic lanes were subjected to scanning densitometry on an Ultroscan XL apparatus (Pharmacia). Data shown in Fig 4 are representative of three experiments.
After a 2-hour incubation with '251-labeled TlOl MoAb at 37"C, cell surfacebound MoAb was eluted from the cells with a low-pH wash and the remaining cell-associated radioactivity (internalized) was measured. Cells were then either heated again to 37°C and incubated for different times in the presence or absence of 10 kmol/L monensin, or kept at 4°C. After this second incubation, 'Z51-labeled TlOl molecules appearing at the cell surface were again eluted at low pH and the resulting cell-associated radioactivity was measured. Each time point represents the average of triplicate measurements (two experiments) with less than 2.5% variation.
Cell viability was not affected by treatments with 10 p.mol/L monensin, as evaluated by trypan blue exclusion.
Subcellular fractionation. CEM cells (1.5 to 2 x 10') were incubated with a saturating concentration (1.7 x 108 cpm) of ['"I]-IT for 4 hours at 37°C after this, cell surface radioactivity was eluted at low pH. Cells were then washed three times with cold PBS-Ca-Mg and once with cold homogenization buffer (250 mmol/L sucrose, 1 mmol/L EDTA buffered with 3 mmol/L imidazole/HCl, pH 7.4). The final cell pellet was resuspended in the same buffer and homogenized at 4°C with a Dounce homogenizer. After centrifugation at 400 x g for 10 minutes at 4"C, the supernatant was recovered and centrifuged again at 100,000 x g for 30 minutes. Differential centrifugation yielded the MLP fraction (pellet), which contained all the cellular organelles except for the nuclear and the cytosolic fractions. The heavy and light mitocondrial and microsomal fractions (MLP) were resuspended in homogenization buffer using a Dounce homogenizer with a loose pestle, and 5 mL was layered onto a 30-mL linear sucrose gradient (from 1.00 to 1.30 g/mL). After a 14-hour centrifugation at 72,000g in a swingout rotor, 12 fractions were collected and analyzed for density, radioactivity and enzyme activities. N-acetyl-p-glucosaminidase (Napgase) and galactosyltransferase were measured as markers of lysosomes and Golgi apparatus, respecti~ely.'~.~ Data shown in Fig 5 are representative of two experiments.
Measurement of Ag-antibody complex recycling.
RESULTS
The internalization rate was studied in CEM target cells using radiolabeled molecules. Cells were saturated with lUIlabeled TlOl MoAb at 4°C and unbound antibody was removed by washings. Because of the acid lability of the T101-CDS interaction, we could distinguish surface-bound from intracellular ligand; pH values of 4.0 and below effectively removed at least 95% of the surface-bound MoAb. When target cells bearing prebound ligand on the surface were incubated at 4"C, no acid-resistant radioactivity was detected, even after an 8-hour incubation (not shown). Conversely, when cells were incubated at 37"C, radioactivity became progressively more acid-resistant with time, indicating that the cell-associated MoAb had been intemalized by a temperature-dependent process (Fig 1 and Table 1 ). After an 8-hour incubation at 37"C, approximately 50% of the initial cell surface-associated radioactiv- After washings, total cell-associated radioactivity was measured and the cells were heated t o 37°C. Acid-soluble (A---A) and acidprecipitable (X-X) radioactivity were measured in the medium at the indicated times. The ligand bound t o the cell surface was eluted by a short incubation at pH 3.0, as described in the Methods. The internalized ligand ( .
--. ) is represented by the radioactivity remaining in the cell pellet following low-pH wash and centrifugation. Radioactivity associated with the cell surface I*-*) was deduced from total cell-associated, internalized, and total radioactivity present in the medium. Total radioactivity in the medium following incubation at 4°C was also measured (+-+). Data are expressed as a percentage of initial total cell-associated radioactivity. Surface-bound ligand was also estimated by indirect immunofluorescence using an FITC-labeled anti-mouse IgG antibody (0-0) as described in the Methods.
tially at a relatively fast rate (-32 molecules internalized/ min/cell in the first hour, Table 1 ); internalization rate then decreased progressively with time as estimated from the difference in the number of internalized molecules from one time point to the next (13.6 molecules internalized/min/ cell at 6 hours, Table 1 ). Thus, overall, internalization proceeded at a relatively low rate ( -14.5 molecules/min/ lo6 cells, on average, during a 6-hour incubation). A small increase in radioactivity accumulating in the culture supernatant was also observed with time (Fig 1) ; after an 8-hour incubation, it amounted to approximately 14.5% of the total cell surface-associated radioactivity at time 0 minutes. This material was constituted exclusively of TCA-precipitable molecules at early time points (Fig 1) . At later time points, TCA-soluble components were also detected, although they never exceeded 5% to 6% of the total (Fig l) , suggesting a very limited degradation of [1251]-T101. The internalization of TlOl MoAb was also estimated by quantitative immunofluorescence measurements in which unlabeled surface-bound TlOl was detected at different times with an FITC-labeled anti-mouse IgG and flow cytofluorometry. The pattern of TlOl disappearance from the cell surface overlqpped that observed with the radiolabeled species, indicating that iodination of the MoAb did not alter its uptake (Fig 1) .
Internalization of the T101-RTA conjugate was examined with an IT radiolabeled on both the RTA and the MoAb moieties. The radiolabeled IT retained its full cytotoxic activity against CEM target cells in vitro (not shown). The profile of acid-resistant radioactivity was similar to that of the antibody (Fig 2A and Table l) , thus indicating that the IT and the MoAb are internalized at the same rate. In fact, like the [IzI]-MoAb, ['''I]-IT internalization was initially faster ( -105 molecules internalized/min/ cell in the first hour of incubation) and was increasingly slower during the next hours of incubation at 37°C. The percent of TCA-precipitable and TCA-soluble radioactivity present in the extracellular medium of cells kept at 37°C for 6 hours was only slightly higher than that of unconjugated TlOl MoAb (Fig 2A and Table 2 ).
The effect of 10 mmol/L NH,Cl or 50 nmol/L monensin on the cellular uptake of the IT was then examined. These two compounds, which dramatically enhance the rate of Data represent values after a 6-hour incubation at 37°C.
IT-mediated cytotoxicity,' did not modify the internalization rate of the IT (Fig 2B and Table 1 ). After incubation at 37°C in the presence of NH,CI or monensin, TCA-soluble material was present in the culture supernatant in a slightly lower amount than when NH,CI or monensin was omitted ( Fig 2B and Table 2 ).
Recyclingprocess. Both TIOI-RTA IT and TI01 MoAb appeared to be internalized at a relatively low rate and to a low level (uptake at 6 hours did not exceed 40% to 50% of the material bound at time 0 minutes, see above). This could be due either to a low internalization rate or to a continuous internalization of the molecules followed by their reexposure in intact form on the cell surface. Using ["'I]-TlOl, we examined the latter possibility by determining whether any intracellular ["'I]-T101 reappeared at the cell surface (ie, became acid-releasable).
To this end, CEM cells were incubated for 2 hours at 37°C to allow internalization of ["'I]-MoAb to proceed and then exposed at 4°C to low-pH medium to remove all remaining surface-bound antibody. Cells were then incubated at 37°C for various times and a second low-pH treatment was performed before measuring surface-bound and intracellular ["'I]-T101. As shown in Fig 3, a significant fraction (30% at 1 hour) of the internalized ["'I]-T101 became low-pH-releasable after continuous incubation at 37"C, but not at 4°C. This may be explained by internalization of ["'I]-MoAb followed by its reappearance at the cell surface in a temperature-dependent manner. Addition of 10 pmol/L monensin, a concentration sufficient to block 4°C (0-0) . At the indicated times, the cells were washed by centrifugation at 4°C and subjected t o a second incubation at low pH. The cell surface-associated radioactivity eluted is expressed as a percentage of the cell-associated radioactivity measured before this second treatment. receptor recycling,"." decreased by 50% the percentage of ["'I]-MoAb reappearing at the cell surface. Longer incubation times did not modify this pattern, presumably indicating that an equilibrium had been reached between internalized and recycled molecules.
The low level of TCA-soluble components that accumulated in the culture supernatant suggests a very limited degradation of internalized TlOl or TlOl-RTA IT. Using SDS-PAGE separation of "SI-labeled molecules released from cell lysates, we investigated whether the internalized species were structurally altered. Cells were first incubated for 4 hours at 37°C with [12'I]-T101 MoAb or ["'I]-IT, then submitted to an acid wash to ensure that only internalized molecules were monitored; cells were then lysed with detergents. The radioligand in the detergent lysate was 97% precipitable in 10% TCA. The radioactive material in the cell lysate was analyzed by SDS-PAGE and autoradiographic lanes were subjected to scanning densitometry. As shown in Fig 4 and The subcellular localization of internalized ['"I]-IT was examined by centrifuging cell homogenates on sucrose density gradients. CEM cells were incubated with ['"I]-IT for 4 hours at 37°C to allow cellular uptake, and after washings, treated with a low-pH medium at low temperature to remove surfacebound ['251]-IT before homogenization. This procedure ensures that only internalized IT molecules are monitored. The density distribution of cell organelles and of ['"I]-IT is illustrated in Fig 5A. The peak of Napgase activity (lysosome marker) appeared at a density of 1.18, whereas those of galactosyltransferase activity (Golgi marker) and plasma membrane (identified by ['Z51]-IT bound to the cell surface at 4°C) were both found at 1.12 to 1.13. The IT migrated to a position coinciding with Golgi apparatus and plasma membrane (74% of the total radioactivity of the 12 collected fractions) and no significant amount was found in the higher-density lysosomal region associated with Napgase activity. Similar results were also obtained with the unconjugated antibody. In a control experiment, ['Z51]-low-density lipoprotein (LDL) was found in the lysosomal compartment of CEM cells after a 2-hour incubation at 37°C (not shown), as expected from the literature." The ability of the IT to bypass the lysosomes is thus consistent with the lack of a considerable cellular degradation, as noted above.
The presence of monensin (50 nmol/L) did not modify the subcellular localization of the IT (Fig 5B) .
Subcellular localization of intemalized IT.

DISCUSSION
In the present study, we have examined and compared the internalization and intracellular fate of TlOl MoAb and T101-RTA IT subsequent to their binding to the surface of leukemic CEM cells.
The rates of internalization were measured using '"I-labeled molecules. Because of the acid lability of the T101-CD5 interaction, we could distinguish surface-bound from intracellular ligand and also monitor the reappearance of internalized ligand on the plasma membrane. An effect of radiolabeling on the behavior of TlOl MoAb or the IT could be ruled out based on the observations that (1) the profile of MoAb internalization detected by measuring cell-associated radioactivity overlapped that detected by cytofluorometry, and (2) the cytotoxic activity of ['zI]-IT was identical to that of unlabeled IT (not shown).
Internalization proceeds at a relatively low rate and at a low level compared with other known ligands."Sz As an example, transferrin is internalized 50% in CEM cells after 1 hour at 37°C (not shown), as opposed to 13.4% and 17% for MoAb TlOl or T101-RTA IT, respectively. The partial recycling of the internalized molecules that we have observed can explain in part the slow kinetics of internalization and, ultimately, the low rate of protein synthesis inactivation observed in the absence of potentiators. Recycling appears to be a fast phenomenon, since 30% of internalized molecules is recycled back at the cell surface Intemalization of IT. within 1 hour and it is likely to represent the main explanation for the low efficacy of antLCD5 IT when NH,CI and monensin are absent. As described also in other instances,% monensin drastically reduces the recycling of internalized molecules, leading to a prolonged permanence For personal use only. on October 25, 2017. by guest www.bloodjournal.org From of the IT within the cell. This, in turn, might increase the probability of IT entry to the cytosol and augment the rate of protein synthesis inactivation:
At the intracellular level, the molecular weight analysis showed that the IT were only moderately affected by the internalization process. Decrease of 2:l (toxin:MoAb) IT could be correlated to the small (2.7% to 4.5%) increase of TCA-soluble material detected in the absence of NH,Cl or monensin (Table 2) . Several explanations are possible: 2:l (toxin:MoAb) IT have lower binding activity (1.4 x lo6 cpm is needed to saturate the cell surface with ['251]-IT~ lo5 cpm needed with the unconjugated MoAb) and could detach more easily from the target Ag, both at the cell surface (see 18.7% TCA-precipitable material in the supernatant, Table 2 ) and, following internalization, within the cell. Intracellular routing to lysosomes has been described for ligands that are released within the cellz7; failure to detect intact free RTA in SDS-PAGE would not be surprising in this context. However, all our data seem to indicate that lysosomal degradation involves a very limited number of internalized IT molecules; rather, the major internalization pathway of antLCD5 IT appears to involve an endosomo-Golgi compartment, based on the results of the recycling experiments in the absence or presence of monensin and on the results of cell fractionation studies. That anti-CDS MoAb and IT are preferentially routed to a nonacidic intracellular compartment is also consistent with observations from Youle et alz8 and Chignola et al," as well as Manske et a1,9 who found that after 4 hours at 37"C, only about 6% of an anti-CD5 RTA IT is lysosome-associated, whereas the majority of IT molecules were detected in the Golgi and plasma membrane fractions. We have examined intracellular trafficking of antLCD5 IT during a period from 30 minutes to 8 hours. This time was chosen for the following reasons: (1) internalization and transfer of anti-CD5 RTA IT to intracellular organelles take place within 30 minutes to 4 (2) a reproducible 1-to 2-hour lag phase before anti-CD5 RTA IT begins to inhibit protein ~y n t h e s i s~"~~~ indicates that endocytosis and cytosol translocation of RTA occurs within this time period; and (3) receptor-mediated endocytosis of ligands is a rapid e~e n t . 3~
Transport of internalized ligands to the Golgi occurs instead over long time periods (ie, the long internalization time of anti-CD5 IT also suggests a Golgi routing, rather than delivery to lysosomes, which takes place instead within minutes for most lysosomebound endocytosed molecule^:^ By quantitatively investigating the recycling mechanism of IT, we have demonstrated for the first time the relevance of the cell surface-Golgi-cell surface route as an explanation for the low efficacy of antLCD5 IT.
Our results on the anti-CD5 IT pathway of internalization are at variance with a previous report by Carriere et a1' describing a more rapid kinetics of IT entry and localization of IT in lysosomes, suggesting that the delivery of IT to these organelles could be responsible for the low efficacy of the conjugate. In that previous study, anti-CDS IT was adsorbed on colloidal gold to monitor IT internalization by electron microscopy, and this probably modified the rate of Subcellular localization. entry, the intracellular routing, and the ultimate fate of IT, which may also explain the discrepancy with the present investigation. A modification of the physiological internalization route following gold labeling has been demonstrated for other ligand^.'^ Delivery of antLCD5 RTA IT to lysosomes has also been reported by Press et al. ' However, in their work, use of peroxidase-labeled IT or addition of second-step peroxidase-labeled anti-IT antibodies during the internalization process might have greatly altered the physiologic transport route of internalized IT.
The close correlation observed between the entry rates of the TlOl MoAb and the corresponding IT, as well as the extent of their internalization and the intracellular site of localization, indicated that the two ligands shared a common entry and intracellular pathway. This demonstrated that the antibody moiety, which is responsible for the initial binding step, is also able to influence the subsequent fate of the conjugate. A similar observation was made by Raso et a136 with a transferrin-RTA IT, which followed the same internalization pathway as unconjugated transferrin.
The lysosomotropic amine NH,Cl and the carboxylic ionophore monensin considerably enhance T101-RTA IT efficacy, generating cell-killing kinetics similar to that induced by ricin: but the mechanism of IT activation remains unknown. We have observed that the two enhancers did not modify the rate and the extent of internalization and only minimally decreased the degradation of IT (Table 2) . Moreover, they did not affect detectably the subcellular distribution of the conjugate. It must be pointed out that our cell fractionation technique did not allow the physical separation of cell surface and Golgi membranes; an increase of Golgi-associated ['z51]-IT after monensin treatment would not have been detected by our method. However, it is unlikely that IT activation could result from inhibition of lysosomal degradation following an increase in the intralysosomal pH as previously suggested,'~' also because monensin was used at concentrations that have no effect on the intracellular PH.'~ Recently, we have observed that NH,Cl acts on internalized IT molecules, soon after their internali~ation.~~ It may be hypothesized that NH,Cl (and perhaps monensin) acts on the few molecules escaping the recycling process by promoting their translocation to the cytosol.
Role of the antibody binding moiety.
Effect of NH,Cl and monensin.
